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(54)^ A variable valve timing mechanism (VVT) 

(57) A variable vatve timing mechanism (WT) (11 ) 
for adjusting the valve timing of an intake valve (18) of 
an internal combustion engine (12). The WT (11) has 
first and second pressure chambers (53. 54) for receiv- 
ing oil. An oil control valve (OCV) (32) is provided for 
controlling oil flow from a pump (31 ). Passages are pro- 
vided for connecting the OCV (32) to the pressure cham- 
bers (53, 54) to supply oil to the chambers (53, 54) in a 
controlled manner. A fitter (58) is located in the passage 
for filtering the oil. The filter (58) is supported in water 
jacket (77) where coolant flows. The filter (58) is heated 
by the coolant to decrease the flow resistance of the oil. 
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Description 

TECHNICAL FIELD 

The present invention relates to a variable valve 
timing mechanism provided in an engine to change the 
valve timing of intake valves or exhaust vah/es. More 
particularly, the present invention pertains to a variable 
valve timing mechanism that is driven by fluid pressure. 

RELATED BACKGROUND ART 

A variable valve timing mechanism (hereafter re- 
ferred to as WT) is provided in an engine to displace 
the rotational phase of a camshaft and adjust the valve 
timing of either an intake valve or an exhaust valve. The 
operation of the WT optimizes the valve timing in ac- 
cordance with the operating state of the engine (engine 
load : engine speed, and other factors). This improves 
fuel economy : increases engine power, and suppresses 
undesirable engine emissions regardless of different 
operating states of the engine. 

Japanese Unexamined Patent Publication No. 
B-28219 discloses a vane type WT, an example of 
which is shown in Fig. 6. 

As shown in Fig. 6 : a WT 81 includes a camshaft 
82, a ring gear 84 and a cover 96. The ring gear 84 has 
helical splines 83 formed on the periphery. The cover 96 
is fitted on the camshaft 82 with the ring gear 84 placed 
in between. The ring gear 84 is urged leftward (as 
viewed in the drawing) by a spring 85. A pulley 92 is 
secured to the cover 96 and coupled to the crankshaft 
of an engine (both not shown). The WT 81 also includes 
hydraulic chambers 88 ; 89 defined next to the front and 
rear end faces of the ring gear 84. respectively. 

The oil pressure from an oil pump 86 is controlled 
by a linear solenoid type oil control valve (OCV) 87. The 
controlled pressure is selectively communicated with 
the hydraulic chambers 88 and 89 defined in the WT 81 . 

The OCV 87 includes a sleeve 90 and a spool 91. 
The spool 91 is slidably accommodated in the sleeve 
90. A linear solenoid 95 is secured to one end of the 
sleeve 90 for reciprocating the spool 91. When the en- 
gine is running, current is fed to the solenoid 95. The 
position of the spool 91 in the sleeve 90 is changed by 
controlling the current. Accordingly, the pressure of oil 
discharged from the OCV 87 is controlled and the oil is 
selectively supplied to the hydraulic chambers 88 and 
89. 

The oil pressures in the hydraulic chamber 88, 89 
act on the ring gear 84 thereby displacing the ring gear 
84 along the axial direction of the camshaft 82. The dis- 
placement of the ring gear 84 changes (advances or re- 
tards) the rotational phase of the camshaft 82 relative 
to the pulley 92. As a result, the valve timing of valves 
(not shown), which are opened and closed as the cam- 
shaft 82 rotates, is adjusted. 

Foreign matter is removed f rom the oil by an oil filter 


94 located between the pump 86 and the OCV 87. 

The filter 94 generally includes a fine mesh for im- 
proving its performance, that is, for catching smaller for- 
eign matter. Thus, if oil having a high viscosity is used, 
5 flow resistance of the oil passing through the filter 94 
becomes great and significantly lowers the pressure of 
the oil downstream of the filter 94. This deteriorates the 
response of the WT 81. which is driven by the pressure 
of the oil. 

10 Typically the filter 94 is provided on a cover cover- 
ing the camshaft 82. This construction exposes the 
housing of the filter 94 to the ambient air, which cools 
the oil and thus further increases its flow resistance. This 
further reduces the responsiveness of the WT. 

75 

DISCLOSURE OF THE INVENTION 

Accordingly, it is an objective of the present inven- 
tion to improve the response of a variable valve perform - 

20 ance mechanism that is actuated by oil pressure. 

To achieve above objective, the present invention 
provides an apparatus for adjusting the valve perform- 
ance of an internal combustion engine valve. The appa- 
ratus has a pressure chamber for receiving oil, wherein 

25 the apparatus is hydraulicalfy driven by the oil pressure. 
The apparatus includes a reservoir for reserving oil. a 
pump for discharging the oil from the reservoir, a control 
valve for controlling the oil flow from the pump, a pas- 
sage for connecting the control valve to the pressure 

so chamber to supply the oil to the pressure chamber, a 
filter positioned in Ihe passage for filtering the oil, and a 
heater for heating the filter to a temperature that is ap- 
proximately the same as that of an interior part of the 
engine. 

35 Other aspects and advantages of the invention will 
become apparent from the following description, taken 
in conjunct ion with the accompanying drawings, illus- 
trating by way of example the principles of the invention. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with objects and advantag- 
es thereof, may best be understood by reference to the 
following description of the presently preferred embod- 
45 iments together with the accompanying drawings. 

Fig. 1 shows a partial cross-sectional view of the 
WT and a cylinder head according to the present 
invention, and Fig. 1 is taken along line 1 -1 of Fig. 2; 

so 

Fig. 2 shows a cross-sectional view taken along the 
line 2-2 of Fig 1; 

Fig. 3 shows a diagrammatic front view of an engine 
5 $ containing the WT according to the present inven- 
tion; 

Fig. 4 shows a cross-sectional view taken along the 
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line 4-4 of Fig. 1 ; 

Fig. 5 shows a cross-sectional view of an engine 
containing an oil filter; and 

Fig. 6 shows a cross-sectional view of the prior art 
WT. 

i 

DESCRIPTION OF SPECIAL EMBODIMENT 

The variable valve timing mechanism according to 
the present invention will be described below referring 
to Figs. 1 to 5. 

An engine 12 having a valve train that includes a 
vane-type WT 11 is shown in Fig. 3. The engine 12 in- 
cludes an oil pan 13 for reserving lubricating oil f a cyl- 
inder block 14 provided with cylinders (not shown) and 
a cylinder head 1 9. The cylinder head 1 9 supports an 
exhaust camshaft 15. an intake camshaft 16, exhaust 
valves 1 7 and intake valves 1 8. 

The cylinder block 14 rotatabty supports a crank- 
shaft 20. Tensioners 21.. 22 are arranged at predeter- 
mined positions on the cylinder block 14. The cylinder 
head 1 9 rotatably supports the exhaust camshaft 1 5 for 
ope ning and closing th e exha ust valves 1 7. The cylinder 
head 1 9 also rotatably supports the intake camshaft 16 
for opening and closing the intake valves 18. A drive 
gear 23 : which is attached to the exhaust camshaft 15 
is meshed with a driven gear 24 attached to the intake 
camshaft 1 6. The WT 1 1 is provided at a distal end of 
the intake camshaft 1 6. 

Sprockets 25, 26 are provided at distal ends of the 
crankshaft 20 and the exhaust camshaft 15, respective- 
ly. A chain 27 *rs wound about the sprockets 25, 26 to 
connect the exhaust camshaft 15 to the crankshaft 20. 
Tension is applied to the wound chain 27 by the tension- 
ers 21 , 22. 

The rotation of the crankshaft 20 is transmitted to 
the camshaft 15 by means of the chain 27 and the 
sprockets 25, 26. Then, the rotation of the exhaust cam- 
shaft 15 is transmitted to the intake camshaft 16 by 
means of the gears 23, 24. This rotates the camshafts 

15, 16 synchronously with the crankshaft 20. The rota- 
tion of the camshafts 1 5, 16 selectively opens and clos- 
es the associated exhaust and intake valves 17, 18 in 
accordance with a predetermined timing. 

Fig. 1 is a cross-sectional view illustrating a WT 11 
provided on the distal end of the intake camshaft (here- 
inafter referred to as "camshaft") 16. an oil pump 31 for 
supplying oil to the WT 11 and an oil control valve 
(OCV) 32 for controlling the pressure of oil supplied to 
the WT 11. 

As shown in Fig. 1, the WT 11 contains the cam- 
shaft 1 6, a rotor 35 fixed to the left end of the camshaft 

16, a housing 39 surrounding the rotor 35, the driven 
gear 24 fixed to the housing 39 and a cover 40 covering 
the housing 39. 

The camshaft 16 is rotatabty supported by the cyl- 


inder head 1 9 and a bearing cap 33. The rotor 35 is fixed 
to the left end of the camshaft 1.6 by a bolt 34 and is 
rotated integrally with the camshaft 16. The rotor 35 has 
a plurality of vanes 37. 
5 The housing 39 surrounds the rotor 35 and is rotat- 
able relative to the camshaft 1 6 and the rotor 35. The 
cover 40 and the driven gear 24 are fixed to opposite 
sides of the housing 39, respectively, by bolts 41 and 
are both rotatable relative to the camshaft 16 and the 

10 rotor 35. The driven gear 24 has a thick ring-like shape 
and has a plurality of outer teeth 38 formed on its cir- 
cumference. The driven gear 24 is rotatably supported 
on outer surface of the camshaft 16. 

One of the vanes 37 has a hole 44 extending par- 

is allel to the axis of the camshaft 16. A lock pin 45 is sli- 
dably accommodated in the hole 44. The lock pin 45 has 
a recess 46 defined therein. A spring 47 is housed in the 
recess 46 for urging the pin 45 toward the cover 40. The 
cover 40 has a recess 48 with which the pin 45 is en- 

20 gaged in the view of Fig. 1. Engagement of the pin 45 
with the recess 48 restricts rotation of the rotor 35 rela- 
tive to the housing 39. Accordingly the camshaft 16 ro- 
tates integrally with the driven gear 24 when the pin 45 
engages the recess 48. 

25 As shown in Fig. 2, the housing 39 and the rotor 35 
are rotated clockwise. The housing 39 and the rotor 35 
shown in Fig. 2 are in their initial positions, at which the 
valve timing of the intake valves 18 is delayed most. 
The rotor 35 consists of a boss 49 and the above 

30 mentioned vanes 37, the number of which is four in this 
embodiment. The vanes 37 protrude radially outward 
from the boss 49. These four vanes 37 are arranged at 
approximately 90 degree intervals. A seal 51 is attached 
to the distal end of each vane 37 to seal between the 

35 inner circumference of the housing 39 and the outer cir- 
cumference of the boss 49. 

The housing 39 has four inward protrusions 43 ( and 
every two adjacent protrusions 43 define a recess. The 
outer circumference of the boss 49 is brought into con- 

40 tact with the end faces of the protrusions 43. The vanes 
37 are housed in the recesses of the housing 39 respec- 
tively. Each vane 37 defines, in the corresponding re- 
cess, a first hydraulic chamber 53 and a second hydrau- 
lic chamber 54. The first hydraulic chamber 53 is located 

45 on the trail hg side with respect to the rotating direction 
of the vane 37, while the second hydraulic chamber 54 
is located on the leading side. Oil pressure is supplied 
to the hydraulic chambers 53, 54 selectively so as to 
rotate the rotor 35 with respect to the housing 39. 

50 The hole 44, which is defined in one of the vanes 
37 for accommodating the lock pin 45, is communicated 
with one of the first hydraulic chambers 53 by an oil pas- 
sage 29. As described below, oil is supplied to the hole 
44 through the passage 29, and the pressure of the sup- 

55 pijed oil moves the lock pin 45 rightward against the 
force of the spring 47 (shown in Fig. 1). This permits the 
rotor 35 to rotate relative to the housing 39. The housing 
39 is fixed to the driven gear 24 and the cover 40 (shown 


5 

in Fig. 1 ) by the bolts 41 and a knock-pin 28 provided in 
one of the protrusions 43. 

The following description covers the construction of 
passages for providing and draining oil to and from the 
first and second hydraulic chambers 53, 54. 

As shown in Fig. 1, the cylinder head 19 has first 
and second oil conduits 55, 56 defined therein. In Fig. 
1 , the conduits 55. 56 are aligned and therefore only one 
is visible. The OCV 32 is covered with a housing 36 and 
has a plurality of ports 69-73 (shown in Fig. 4). The port 
73 is connected to the oil pan 13 by a suppty passage 
57, an oil filter 58, a pump 31 and an oil strainer 59. 

The first oil conduit 55 is communicated with an oil 
groove 65 formed in the top portion of the cylinder head 
19 and the bearing cap 33. An oil hole 66 and an oil 
passage 67 are formed in the camshaft 16 for commu- 
nicating the groove 65 with oil bores 68. The oil bores 
68 communicate the first hydraulic chambers 53 and the 
oil passage 67 thereby supplying oil to the chambers 53. 
An annular release chamber 79 is defined about the lock 
pin 45. The chamber 79 is communicated with the oil 
passage 29 (Fig. 2). 

When oil pressure is supplied to the first hydraulic 
chambers 53 through the first oil conduit 55, the pas- 
sage 29 (shown in Fig. 2) communicates the supplied 
oil pressure with the release chamber 79. The oil pres- 
sure moves the lock pin 45 rightward as viewed in Fig. 
1 against the force of the spring 47 thereby disengaging 
the pin 45 from the recess 48. This allows the rotor 35 
to rotate with respect to the housing 39. Therefore, the 
oil pressure supplied to the first hydraulic chambers 53 
rotates the rotor 35 clockwise relative to the housing 39 
(as viewed in Fig. 2). This advances the rotational phase 
of the rotor 35 relative to the housing 39. Accordingly 
the rotational phase of the camshaft 16 is advanced. As 
a result, the valve timing of the intake valves 18 (shown 
in Fig. 3). which are driven by the shaft 16, is advanced. 

An oil passage 62 is formed in the camshaft 1 6 sub- 
stantially along the axis ol the shaft 1 6. and an oil groove 
60 is formed in the inner surface of the cylinder head 1 9 
and the bearing cap 33. The second oil conduit 56 is 
communicated with the oil passage 62 by the oil groove 
60 and an oil hole 61 . One end of the passage 62 opens 
to an annular chamber 63 defined in the boss 49 of the 
rotor 35. As illustrated in Figs. 1 and 2, four oil passages 
64 are radially formed in the boss 49 of the rotor 35 for 
communicating the annular chamber 63 with the second 
hydraulic chambers 54. Thus, the passages 64 supply 
oil from the chamber 63 to the second hydraulic cham- 
bers 54. 

When oil pressure is supplied to the second hydrau- 
lic chambers 54 through the second oil conduit 56. the 
rotor 35 is rotated counterclockwise relative to the hous- 
ing 39 as viewed in Fig. 2. This retards the rotational 
phase of the rotor 35 relative to the housing 39. Accord- 
ingly, the rotational phase of the camshaft 1 6 is retarded. 
As a result, the valve timing of the intake valves 18 
(shown in Fig. 3). which are driven by the shaft 16 : is 


6 

retarded. 

As shown in Fig. 4, the OCV 32 has five ports 69-73 
to switch the direction of supplying and discharging the 
oil and to adjust the oil pressure supplied to the hydraulic 
5 chambers 53 and 54, respectively. A first port 69 is con- 
nected to the first oil conduit 55, while a second port 70 
is connected to the second oil conduit 56. Drain ports 
71 . 72 are connected "to the oil pan 1 3 (shown in Fig. 1 ), 
while a supply port 73 is connected via a supply passage 

57 and the oil filter 58 to the pump 31 (shown in Fig. 1 ). 
The OCV 32 is provided with a solenoid actuator 

75, a spool 74 and a coil spring 76 for moving the spool 
74. An electronic control unit (ECU, not shown) duty 
controls the solenoid 75 for reciprocating the spool 74 
in the axial direction. This reciprocating motion of the 
spool 74 adjusts of the amount of oil supplied to the hy- 
draulic chambers 53, 54. 

The spring 76 is located in the housing 36 for urging 
the spool 74 rightward as viewed in Fig. 4, or toward a 
■retarded position". Stopping the supply of current to the 
solenoid 75 allows the spring 76 to move the spool 74 
to the "retarded position*. When the spool 74 is at the 
"retarded position", oil is supplied to the second hydrau- 
lic chambers 54 in the WT 11 and thus the valve timing 
of the intake valves 18 is retarded. Contrarily supplying 
current to the solenoid 75 moves the spool 74 leftward 
as viewed in Fig. 4, or toward an "advanced position". 
When the spool 74 is at the "advanced position", oil is 
supplied to the first hydraulic chambers 53 ancfthus the 
valve timing of the intake valves 18 is advanced. 

As described above : the oil filter 58 for removing 
foreign matter from oil is located between the pump 31 
(shown in Fig. 1) and the suppty passage 57. The filter 

58 is located in a water jacket 77 (shown in Fig. 5) of the 
engine 12. 

Fig. 5 is a cross-sectional view of the engine 12 as 
viewed from the rear side and accurately shows the po- 
sition of the filter 58 in the enghe 1 2. 

As shown in Fig. 5, the water jacket 77 is defined in 
the cylinder head 19. Coolant water circulates in the 
jacket 77 for cooling the engine 12. The oil filter 58 is 
held in an inclined position by a holder 78 formed an the 
jacket 77. The holder 78 is exposed to the coolant water. 
Specifically the lower portion of the holder 78 extends 
into the water jacket 77 for enlarging the area contacting 
the coolant water. The oil filter 58 includes a fine mesh 
for catching minute foreign matter in the oil. 

The following discussion covers the reasons for lo- 
cating the filter 58 in the water jacket 77. 

As described above, when the engine 1 2 is running, 
rotation of the exhaust and intake camshafts 15 : 16 se- 
lectively opens and closes the exhaust and intake 
valves 17 s 18 in accordance with a predetermined tim- 
ing. The WT 11 is actuated by oil pressure supplied to 
the first and second hydraulic chambers 53 : 54 : and 
changes the valve timing of the intake valves 1 8. During 
operation of the WT 11 , the pump 31 supplies oil to the 
OCV 32 via the oil filter 58. The OCV 32 controls the 
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pressure of the oil discharged therefrom. Minute foreign 
matter is caught by the filter 58 and removed from the oil. 

The temperature of the oil is low. for example, when 
the engine 12 is first started. At this time 1 the tempera- 
ture of the oil filter 58 is also low. The temperature ot the s 
oil filter 58 affects the flow resistance of the oil passing 
through the filter 58. The low temperature of the oil filter 
58 raises the flow resistance of the oil in the vicinity of 
the oil filler 58, which affects all of the oil in circulation. 
However : the oil fi Iter 58 is exposed to the coolant water 10 
circulating in the water jacket 77. Thus, as the coolant 
water is warmed, the heat of the coolant water raises 
the temperature of the oil filter 58. The water jacket 77 
and the coolant water therefore serve as a heater for the 
oil filter 58. is 

Heal of the coolant water quickly raises the temper- 
ature of the oil fitter 58. Accordingly, the flow resistance 
of the oil in the vicinity of the filter 58 is lowered and thus 
improved. 

In this manner, the above described apparatus im- so 
proves the flow resistance of oil in the vicinity of the oil 
filter 58. Thus, quick WT response is achieved soon 
after the engine 12 is started. 

When the engine 12 is running under heavy load, 
the temperature of the oil may be higher than the tern- 25 
perature of the coolant water. In this case : the oil is 
cooled by the coolant water. This prevents the oil tem- 
perature from becoming too high. If the oil temperature 
is too high, the clearances between each sliding part in 
the WT 11 is enlarged and the oil may leak from the 00 
clearances. This results in tower hydraulic pressure in 
the WT 11, thereby deteriorating the response of the 
WT 11 . However, the illustrated apparatus prevents the 
oil temperature from being too high thereby improving 
the response of the WT 11 when the engine 12 is run- OS 
hing under heavy load. 

Further, in the preferred and illustrated embodi- 
ment, the coolant water cools the engine 1 2 and, at the 
same time, warms the oil filter 58. In this manner, the 
heat of the engine 1 2 is effectively used. This eliminates 40 
the necessity for an extra device for heating the oil filter 
58. 

It should be apparent to those skilled in the art that 
the present invention may be embodied in many other 
specific forms without departing from the spirit or scope 4S 
of the invention. Particularly, it should be understood 
that the invention may be embodied in the following 
forms. 

(1) The present invention may be embodied in any so 
hydraulic type variable valve performance mecha- 
nisms other than vane type WTs such as the WT 

1 1 . For example the present invention may be used 
with a WT like the WT 81 having the ring gear 84, 
which is described in DESCRIPTION OF THE RE- 55 
LATED ART section. 

(2) In the illustrated embodiment, the valve timing 


of the intake valves 18 is variable. However, the 
valve lift of the intake valves 1 8 may instead be var- 
iable. Further : both valve timing and valve lift of the 
intake valves 18 may be variable. In this case, the 
camshaft is provided with a plurality of sets of cams 
of different lifts and is axially movable. One of the 
cams is chosen as the axial position of the camshaft 
is selected. Alternatively, the nose of each cam may 
be tapered along the axis of the camshaft such that 
a movement of the camshaft along its axis changes 
the valve lift of the valves. 

(3) In the illustrated embodiment, the valve timing 
of the intake valves 18 is changed. However, the 
vatve timing of the exhaust valves 1 7 may be vari- 
able. In this case, the WT 11 is provided on the 
exhaust camshaft 1 5. Further, a WT 1 1 may be pro- 
vided on each of the intake and exhaust camshafts 
16, 15 for changing the valve timings of both intake 
and exhaust valves 18, 17. 

(4) In the illustrated embodiment, the WT 11 pro- 
vided on the intake camshaft 16 changes the rota- 
tional phase of the camshaft 1 6 thereby vary ing the 
valve timing of the intake valves 1 8. However, the 
WT 11 provided on the intake camshaft 16 may 
change the rotational phase of the exhaust cam- 
shaft 15 thereby varying the valve timing of the ex- 
haust valves 1 7. In this case, the sprocket 26 on the 
exhaust camshaft 1 5 and the chain 27 are omitted 
and a sprocket is secured to the proximal end of the 
intake camshaft 16 in Fig. 1 . This sprocket is cou- 
pled to the crankshaft 20 by the chain 27. 

(5) In the illustrated embodiment, the* water jacket 
77 and the coolant water constitute a heater. How- 
ever, other constructions may be used for heating 
the filter 58. For example, an electric heater may be 
used to heat the filter 58. In this case, the heater is 
located in the vicinity of the filter 58 for heating the 
healer 58. This construction increases the temper- 
ature of the filter 58 even if the temperature of the 
coolant water is low thereby quickly improving thB 
flow resistance of the oil. 

Therefore, the present examples and embodiments 
are to be considered as illustrative and not restrictive 
and the invention is not to be limited to the details given 
herein, but may be modified within the scope and equiv- 
alence of the appended claims. 

Claim 9 

1. An apparatus for adjusting the valve performance 
of an internal combustion engine valve, the appa- 
ratus having a pressure chamber (53, 54) for receiv- 
ing oil, wherein the apparatus is hydraulically driven 
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by the oil pressure, the apparatus comprising a res- 
ervoir (13) for reserving oil, a pump (31) for dis- 
charging the oil from the reservoir (13), a control 
valve (32) for controlling the oil flow from the pump 

(31 ) , a passage for connecting the control valve (32) 
to the pressure chamber (53, 54) to supply the oil 
to the pressure chamber (53. 54). and a filter (58) 
positioned in the passage for filtering the oil, the ap- 
paratus characterized by a heater for heating the 
filter (58) to a temperature that is approximately the 
same as that of an interior part of the engine (12). 

2. The apparatus according to claim 1 , wherein a com- 
bustion chamber in the engine (12) serves as the 
heater, and combustion heat is employed to heat 
the filter (58). 

3. The apparatus according to claims 1 or 2, wherein 
the engine includes a cooling jacket (77) and liquid 
coolant for cooling the engine and whereh the filter 
(58) is heated by the coolant 

4. The apparatus according to claim 3, lurther com- 
prising a filter holder (78) located in the jacket (77) 
for supporting the filter (58), wherein the holder (78) 
has an outer surface that contacts the coolant. 

5. The apparatus according to claim 4, wherein the 
holder (78) has a portion that protrudes into the 
jacket (77) to increase the heat transfer area ol the 
outer surface, which contacts the coolant. 

6. The apparatus according to any one of claims 1 to 
5 : further comprising a camshaft (16) for actuating 
the valve (18), a housing (39) mounted on the cam- 
shaft (16), the housing (39) being rotatable relative 
to the camshaft (16). an actuator, which is coupled 
to the housing (39) and the camshaft (16), for 
changing the relative rotational relationship be- 
tween the camshaft (16) and the housing (39). a first 
pressure chamber (53) for applying oil pressure to 
said actuator to move the actuator in a first direction , 
a second pressure chamber (54) for applying oil 
pressure to said actuator to move the actuator in a 
second direction, a first conduit for connecting the 
control valve (32) to the first pressure chamber (53) 
to supply oil to the first pressure chamber (53), and 
a second conduit for connecting the control valve 

(32) to the second pressure chamber (54) to supply 
oil to the second pressure chamber (54). 

7. The apparatus according to any one of claims 1 to 
6, wherein the control valve (32) includes a supply 
port (57) for receiving filtered oil, a discharge port 
(55, 56) for supplying oil to each pressure chamber 
(53, 54), and a drain port (71 . 72) for draining oil to 
the reservoir (1 3). 


8. The apparatus according to any one of claims 1 to 
7, wherein the valve is an intake valve (18). 

9. An oil supply structure for a mechanism that adjusts 
5 the valve performance ot a valve of an internal com- 
bustion engine, wherein the mechanism has a pres- 
sure chamber (53, 54) for receiving oil. wherein the 
mechanism is driven by hydraulic oil pressure, the 
structure comprising a reservoir (13) for reserving 

10 an oB : a pump (31 ) for discharging oil from the res- 
ervoir (13), a control valve (32) for controlling the 
flow of oil discharged from the pump (31), a pas- 
sage for connecting the control valve (32) to the 
pressure chamber (53. 54) to supply oil to the pres- 

is sure chamber (53, 54), and a filter (58) positioned 
in the passage for filtering the oil, the structure char- 
acterized by a heater for heating the filter (58) to a 
temperature that is approximately the same as that 
of an interior part of the engine. 

20 

10. The structure according to claim 9. wherein a com- 
bustion chamber in the engine serves as the heater, 
and combustion heat is employed to heat the filter 
(58). 

25 

11. The structure according to claims 9 or 10. wherein 
the engine includes a cooling jacket (77) and liquid 
coolant for cooling the engine and wherein the filter 
(58) is heated by the coolant. 

30 

12. The structure according to claim 11. further com- 
prising a filter holder (78) located in the jacket (77) 
for supporting the filter (58). wherein the holder (78) 
has an outer surface that contacts the coolant. 

35 

13. The structure according to any one of claims 9 to 
1 2, further comprising a camshaft (16) for actuating 
the valve : a housing (39) mounted on the camshaft 
(16), the housing (39) being rotatable relative to the 

^o camshaft (16). an actuator, which is coupled to the 
housing (39) and the camshaft (16), for changing 
the relative rotational relationship between the cam- 
shaft (16) and the housing (39). a first pressure 
chamber (53) for applying oil pressure to said actu- 

45 ator to move the actuator in a first direct ion. a sec- 
ond pressure chamber (54) for applying oil pressure 
to said actuator to move the actuator in a second 
direction, a first conduit for connecting the control 
valve (32) to the first pressure chamber (53) to sup- 

$o ply oil to the first pressure chamber (53), and a sec- 
ond conduit for connecting the control valve (32) to 
the second pressure chamber (54) to supply oil to 
the second pressure chamber (54). 

55 
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